When polymorphonuclear leukocytes (PMNL) and soluble or particulate matter interact, the cells produce chemiluminescence. The chemotactic peptide formylmethionyl-leucyl-phenylalanine induced a two-peak chemiluminescence response in PMNL. The response was modified, both in magnitude and in the time course of the response, when PMNL were incubated at 22°C for 15 to 120 min before the addition of stimulus. The cellular response to formylmethionyl-leucyl-phenylalanine was also changed by the addition of cell-free supernatants from stored PMNL suspensions to freshly prepared PMNL before the addition of formylmethionylleucyl-phenylalanine. This indicated that PMNL during storage released substances that changed the chemiluminescence response. A similar change could be obtained by addition of purified myeloperoxidase to freshly prepared PMNL before the addition of stimulus, indicating that the myeloperoxidase-hydrogen peroxide system can function as a modulator of the cellular response to chemotactic factors.
When polymorphonuclear leukocytes (PMNL) and soluble or particulate matter interact, the cells produce chemiluminescence. The chemotactic peptide formylmethionyl-leucyl-phenylalanine induced a two-peak chemiluminescence response in PMNL. The response was modified, both in magnitude and in the time course of the response, when PMNL were incubated at 22°C for 15 to 120 min before the addition of stimulus. The cellular response to formylmethionyl-leucyl-phenylalanine was also changed by the addition of cell-free supernatants from stored PMNL suspensions to freshly prepared PMNL before the addition of formylmethionylleucyl-phenylalanine. This indicated that PMNL during storage released substances that changed the chemiluminescence response. A similar change could be obtained by addition of purified myeloperoxidase to freshly prepared PMNL before the addition of stimulus, indicating that the myeloperoxidase-hydrogen peroxide system can function as a modulator of the cellular response to chemotactic factors.
Polymorphonuclear leukocytes (PMNL) recognize low concentrations of N-formylmethionyl peptides. These peptides, believed to be formed by bacteria but not by mammalian cells, are capable of initiating a number of events in PMNL, i.e., chemotaxis, lysosomal enzyme release, and production of highly reactive oxidative metabolites (6, 11, 22) . The production of highly reactive molecules can be measured as light emission from PMNL (14, 18) . Studies with intact PMNL suggest that there are at least two mechanisms responsible for the light emission, one involving myeloperoxidase and the other involving superoxide anion production (16) . Enhancement of stimulus-induced chemiluminescence after in vitro preincubation has been described (25; C. Dahlgren, K.-E. Magnusson, 0. Stendahl, and T. Sundqvist, Int. Arch. Allergy Appl. Immun., in press). The enhancement of chemiluminescence for rat thymocytes has been shown to depend partly on the release of soluble substances affecting the cellular response (25) . The enhancement of chemiluminescence for PMNL has been shown to depend on changes in ligand receptor affinity and exposure of new receptors on the PMNL surface (Dahlgren et al., in press).
In the present report we demonstrate that PMNL chemiluminescence induced by the chemoattractant formylmethionyl-leucyl-phenylalanine (fMet-Leu-Phe) can be modified by soluble substances released from the PMNL during storage.
MATERIALS AND METHODS
PMNL. PMNL were isolated from peripheral human blood-EDTA by the method of B0yum (8) . After separation, the remaining erythrocytes were removed by hypotonic lysis, and the PMNL were washed twice in Krebs-Ringer phosphate buffer supplemented with 10 mM glucose (KRG; pH 7.2) and suspended (2.5 x 106 PMNL/ml, or 2.5 x 10' PMNL/ml). Cells were kept at 4°C during the whole preparation procedure.
Cell-free PMNL supernatants were obtained by centrifugation of cell suspensions stored at 22°C for different lengths of time.
Reagents. fMet-Leu-Phe, phorbol myristate acetate (PMA), superoxide dismutase (SOD), catalase, and luminol were obtained from Sigma (Sigma Chemical Co., St. Louis, Mo.). Dimethyl sulfoxide was used to dissolve fMet-Leu-Phe and PMA to 10 were exposed to fMet-Leu-Phe, the cells reb sponded and produced chemiluminescence.
When the time course of chemiluminescence emission was studied, an initial peak was found within 2 min, and a second peak was found around 10 min after stimulus addition ( Chemiluminescence and MPO content in cellentration in KRG was free PMNL supernatants. The MPO-H202-halide and the light emission system is known to produce chemiluminescence in the absence of cells (21) . The addition of H202 s, eWach containing0.5 to KRG containing purified MPO resulted in of the enzyme sample, pronounced chemiluminescence (Table 1) . Light Ds was added 1 ml of 10 emission in MPO-H202 systems increased for bsorbance at 470 nm the first 10 to 20 s after H202 addition and then inits per minute) was declined (Fig. 2) . The addition of H202 to cellly and remained con-free supernatants prepared from PMNL suspend. sion (2.5 x 106 PMNL/ml) stored at 22°C (15 to S 240 min) gave rise to a pronounced chemiluminescence (Table 1) with a time course corre- a A 0.1-ml amount of 5 mM H202 was added to the systems. b The results are expressed as the peak counts per minute value as in Fig. 2. completely inhibited by azide and catalase (Table 2). The addition of the peptide fMet-Leu-Phe to cell-free systems did not induce chemiluminescence in any of the systems tested.
The MPO content in cell-free supernatants prepared from PMNL suspensions (2.5 x 107 PMNL/ml) stored at 22°C for 15 to 240 min was quantitated spectrophotometrically with guaiacol. Incubation of the PMNL at 22°C resulted in a gradual release of MPO (Table 3) . Effect of azide, SOD, and catalase on the cellular response to fMet-Leu-Phe. The cellular chemiluminescence response to fMet-Leu-Phe was 103 20 completely inhibited by azide (1 mM). SOD in concentrations from 2 to 200 ,u/ml reduced both the 2-min and the 10-min peak of cellular chemiluminescence response to fMet-Leu-Phe, but the addition of SOD to the reaction mixture did not change the time course of the response to fMetLeu-Phe.
The effect of catalase differed depending on the time course of the response. Catalase added to chemiluminescence systems with a time course of the cell response corresponding to that shown in Fig. la had very small effect on the chemiluminescence response (data not shown). The addition of catalase to systems with a time course corresponding to that shown in Fig. ld had a pronounced effect on the response (Fig. 3) , in that the initial peak of chemiluminescence was reduced concomitant with a small increase of the second peak.
Effect of MPO on the cellular response to fMetLeu-Phe. The effect of purified MPO added to the PMNL differed depending on the time course of the chemiluminescence response. MPO added to chemiluminescence systems with a time course of the cell response corresponding to that shown in Fig. id the response to fMet-Leu-Phe (data not shown). The addition of MPO to systems with a time course corresponding to that shown in Fig. la had a pronounced effect on the response (Fig. 4) , in that the initial peak of chemiluminescence increased with a concomitant reduction of the second peak. DISCUSSION Peptides chemotactic for PMNL (N-formylmethionyl peptides) (22) have been shown to initiate secretion of lysosomal enzymes (6) and production of highly reactive molecules in PMNL (14) . The generation of chemically reactive molecules, e.g., superoxide anions, hydrogen peroxide, singlet oxygen, and hydroxyl radicals as a result of respiratory burst activation, is an essential step in the host defense against microorganisms, but may also function as a basis for modulation of the phagocyte function (4, 5) . The production of highly reactive molecules can be measured as light emission from the PMNL (14, 18). The light emission or chemiluminescence response from PMNL is influenced by a number of factors (2, 15) , and the data on the effect of chemoattractants on the PMNL chemiluminescence response are contradictory (1, 14, 18; Dahlgren et al., in press), both concerning the ability of chemotactic factors to induce a response and in the time course of the response. The key observation in this communication is that the PMNL chemiluminescence response induced by fMet-Leu-Phe is dramatically modified by preincubation of the cells at 22°C and that soluble substances released from the PMNL during storage could be responsible for the modifications observed, since the same type of modulation could be obtained by using cell-free supernatants together with freshly prepared PMNL.
At least two mechanisms are responsible for the light emission in PMNL, one involving MPO and the other involving superoxide anion (O2-) (16, 21) . The chemiluminescence response by PMNL has usually been traced as one peak of emittance, where the time to reach maximal response has been found to be within 10 to 20 min after stimulus addition (3, 9, 21, 23), but an initial peak appearing within 2 min after stimulus addition has also been described (7, 14, 18). Lofgren et al. (18) have proposed that the first peak is induced by soluble agents and the second peak is induced by particulate stimuli, but our results and those of others (13) show that the second peak of emittance can be induced also in the absence of particulate stimulus. The two peaks of chemiluminescence observed are probably due to different metabolic events of the PMNL, rather than one specific metabolic activity triggered by different stimuli. (20, 23) . The effects of cytochalasin B on PMNL metabolic activity are complex (16) and involve not only release of oxidative metabolites but also secretion of lysosomal enzymes (16) . The effects of SOD and azide in our systems are hard to evaluate, since in a cell-free system containing high concentrations of SOD (>200 U/ml) and luminol, a chemiluminescence response was obtained when H202 was added, and lower concentrations of SOD (2 to 200 U/ml) inhibited the chemiluminescence produced by a cell-free MPO-H202 system. Azide inhibited not only the MPO-H202 mediated chemiluminescence but also the SOD-H202-mediated chemiluminescence (unpublished observations). However, since cell-free supernatants obtained from PMNL suspensions preincubated at 22°C contained MPO (Table 3) , and upon addition of H202 produced chemiluminescence, with the same type of time course as pure MPO-H202 systems (Fig. 2) The type of modulation of the chemiluminescence response obtained when PMNL were preincubated at 22°C were also obtained when cell-free supematants were added to freshly prepared PMNL, or when purified MPO was added to freshly prepared PMNL before stimulus addition. This indicates that the modulation of the response obtained when the PMNL were preincubated at 22°C was a result of increasing amounts of released MPO. From these results, we propose that the initial peak observed in PMNL chemiluminescence response is linked to the amount of released MPO producing chemiluminescence by reacting with H202 released either directly or indirectly by the cells as a response to fMet-Leu-Phe. Most of the cellularly produced H202 has O2 as precursor and is formed by spontaneous dismutation of cellularly produced O2 (20) . The exact mechanism by which light is emitted from PMNL remains to be defined (20) , but since the first peak of chemiluminescence is dependent on released MPO reacting with oxidative metabolites, the second peak observed could be related directly (independent of MPO) to cellular production of O2-.
The decrease of the second peak as a result of PMNL preincubation was probably due to toxic effect of the MPO-H202 system, since catalase reduced the initial MPO-H202-dependent peak with a concomitant increase of the second peak; however, the possible inactivation of the chemotactic peptide by MPO-mediated oxidation cannot be excluded (10) . The interaction between PMNL and PMA resulted in a chemiluminescence response with a lag phase of around 5 min before any measurable signals were recorded. Furthermore, the time course of the response induced by PMA did not change as a result of preincubation of the cells, indicating differences in the mechanism of action between PMA-and fMet-Leu-Phe-induced metabolic activity (24) .
In conclusion, we suggest that the result of an interaction between PMNL and fMet-Leu-Phe is influenced by several factors. Since many of the receptors of chemotactic peptides have been shown to be hidden, and thus unavailable for ligand interaction (17) , these receptors must be exposed (Dahlgren et al., in press). Degranulation could be one mechanism by which PMNL regulate the exposure of these receptors (12) . Degranulation would also result in release of lysosomal enzymes, e.g., MPO. The MPO-H202 system not only may be an important part of the mechanisms responsible for phagocytic microbicidal activity, but could also serve as an important modulator of the cellular response to inflammatory mediators. In studying chemiluminescence, the release of MPO during preparation and storage of the cells has to be taken into account when interpreting the cellular response to certain agents.
